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Introduction: Systematic reviews agree that knee osteoarthritis (OA) is related to occupational activities,
but have not quantiﬁed the overall risks.
Methods: Systematic review of observational studies of knee OA and occupation. Job titles, elite sport, heavy
work, kneeling, and other activities were included. Relative risk estimate and 95% conﬁdence interval (CI)
compared to sedentary work were retrieved or calculated for meta-analysis. Publication bias was examined
with Egger tests and heterogeneity was determined with I2 values and Q tests. Subgroup analysis was per-
formed to examine causes of heterogeneity. A random effects model was performed to combine the data.
Results: Studies of knee OA (n¼ 51), persistent knee pain (n¼ 12) and knee OA progression (n¼ 3) were
retrieved. Occupational risks for knee OA were examined in a total of 526,343 subjects in 8 cohort/
prospective/longitudinal studies, 25 cross-sectional studies and 18 case control studies. The overall odds
ratio (OR) was 1.61 (95% CI 1.45e1.78) with signiﬁcant heterogeneity (I2¼ 83.6%). Study designs showed
a positive association between knee OA and occupational activities; cohort (OR 1.38, 95% CI 1.10e1.74),
cross-sectional (OR 1.57, 95% CI 1.37e1.81) and case control (OR 1.80, 95% CI 1.48e2.19). Overall there was
evidence of publication bias (P< 0.0001) which was apparent in the cross-sectional and case control
studies (P< 0.0001 and P¼ 0.0247 respectively).
Conclusions: Some occupational activities increase the risk of knee OA, although the inﬂuences of
publication bias and heterogeneity are important limitations of this study. Prospective studies would
greatly improve the evidence base.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction Occupational activities that are consistently associated with knee OAKnee pain and knee osteoarthritis (OA) are common chronic
problems, leading to loss of work, disability and joint surgery. As no
simple, reliable therapies are currently available for these problems
it is appropriate to look at risk factors that are potentially modiﬁ-
able. Recent systematic reviews all conclude that evidence of an
association between knee OA and occupational activities exists1e5.
However, we are not aware of any published quantitative synthesis
of the research which could place occupational activities in the
context of other known risk factors.
Themechanisms linking occupation to knee OA are believed to be
biomechanical. Forces across the knee can be measured in many
activities found in strenuous jobs6,7. Squatting and kneeﬂexion forces
have also been measured in dairy farm workers8. Also, increased
forces across the knee joint related to knee mal-alignment and foot
angulation have been studied in relation to knee OA progression9e11.: D.F. McWilliams, Academic
al, Nottingham NG5 1PB, UK.
(D.F. McWilliams).
s Research Society International. Pin the literature are kneeling, squatting, lifting/carrying and heavy
standing work12, which are often measured within the same
study13,14, and compared to those with sedentary employment or
working at low levels of activity.Many speciﬁc occupations have been
linked to knee OA, such as ﬂoor layers15, miners5,16, dockers17 and
sports at the elite level18. Although a wide variety of different occu-
pations and activities have been investigated, the proposed mecha-
nisms for many include biomechanical forces across the knee joint.
Therefore itmay be appropriate to synthesise the relevant research to
see if the working populationwould beneﬁt from a reduction in such
risks. This meta-analysis included observational epidemiology
studies of adult men and women when occupational activities and
risk of knee OA were compared.Methods
Literature search
Systematic literature searches were performed using MEDLINE
(1950e), Web of Science (1945-), EMBASE (1980-) and PubMedublished by Elsevier Ltd. All rights reserved.
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for knee OA or knee pain with searches for occupational exposures
and epidemiological study designs. Search terms related to our
chosenwords and exploded terms fromMEDLINEwere included. The
MEDLINE searchwas optimised tomaximise coverage by comparison
with the reference lists of recent systematic reviews1,4. This search
was then used as the template for all of the other search engines,
where it was replicated as closely as possible (see Appendix 2).
Google and/or PubMed searches were performed in an ad hoc
manner for prominent authors in the ﬁeld, well-known cohort
studies of OA, common keywords, and other studies online. National
Institute for Occupational Safety and Health Technical Information
Center -2 database (NIOSHTIC-2) was searched for “knee osteoar-
thritis”. Additional reports were examined from reference lists of
articles and the automated suggestions of related citations from
search engine results.
All languages were accepted by the search strategy, but the
literature search only contained English language terms.
Reports were downloaded into Reference Manager version 10.
The time period covered by the systematic literature search was
1950 to 1st July 2010.
Study selection and inclusion/exclusion criteria
Each article title was read and screened for potential relevance to
the systematic review. Those that appeared relevant had abstracts
retrieved, which were read. If the abstract appeared relevant, then
full text was retrieved of each report of interest.
To be included, full text reports had to be epidemiological studies
of occupational risks for knee OA or knee pain. Studies on the risk of
meniscal tears were excluded as being more likely to be related to
injury than OA. These included studies of heavy/arduous work,
speciﬁc job titles thought to be at increased risk, elite sport, kneeling,
squatting, climbing stairs, lifting/carrying and work while standing.
Some studies grouped activities together, such as kneeling/squatting,
and thesewere included in the knee strain subgroup if separate risks
were not reported. Structural and symptomatic knee OA were
acceptable measures of disease, including classiﬁcation through
interviews and questionnaires known to be valid for detecting knee
OA. Symptomatic knee OA included any diagnosis (with or without
radiographic veriﬁcation) that took knee pain into account, such as
knee arthroplasty due to OA; diagnosis by questionnaire about
symptoms; diagnosis by a general practitioner; or after a clinical
examination. Asymptomatic knee OAwas takenwhen diagnosis was
by radiographic score alone, and clinical symptoms/pain were not
reported or studied. When different measures of knee OA were
reported, we chose symptomatic over asymptomatic knee OA. In
some studies, symptomatic knee OA data was used for calculating
the overall risk for meta-analysis, but the asymptomatic knee OA
data was used for the asymptomatic subgroup analysis. Studies with
adjusted or unadjusted risk estimates, and an appropriate measure
of spread, were included, as were studies where the authors
provided enough data for us to calculate unadjusted risks and 95%
conﬁdence intervals (CI). Relative risks (RR) were calculated for
cohort and cross-sectional studies and OR for case control studies.
Reports were excluded if they examined leisure-time activities, non-
elite sports, exercise, regular worshipping activities involving
kneeling, housework or work performed while sitting (including
driving). Knee pain research in groups with a mean age less than 40
or where persistent painwas not clearly reported was also excluded.
In reports where the prevalence of knee problems was split into age
strata, we calculated risks only for those aged 40 years or more. One
report was chosen per study to obtain a relative risk for the meta-
analysis. When more than one report was eligible, the choice was
based upon study design, occupation being the primary researchtarget, adjusted statistical analysis (the relative risk adjusted for the
most confounders was preferred) and other factors maximising
credibility. One pooled relative risk from this report was put into the
main meta-analysis to represent this study, and it was calculated
from all of the eligible activities/jobs and levels of exposure in that
report. The order of preference for RR went from knee OA, to knee
pain, and then to knee OA progression (which maximised the
number of knee OA studies, but slightly reduced other categories).
RR for subgroup analysis were calculated once for each study, using
data from one report chosen in a similar manner.
Data extraction
English language data were extracted and coded by one investi-
gator (DMcW) and a random sample of 10% of the included studies
was validated by another (SM). Chinese articles (WZ) and German
articles (BFL) had data extracted by other investigators andwe sought
data extraction in other languages from other rheumatology
researchers.
Study characteristics were recorded and are presented in
Appendix 1. Characteristics recorded included study design, setting
fromwhich the control group was selected, size of groups, whether
occupational risks were the primary outcome, mean age, gender
split, outcome measured, funding source and country of study.
Ethnicity was not generally reported in the retrieved manuscripts,
and so ethnic differences in occupational risk could not be explicitly
compared. The outcome was deﬁned as symptomatic knee OA,
asymptomatic knee OA or knee pain.
Quality assessment
Quality assessment was performed by sub-group analysis, as per
guidelines for publishing Meta-analysis Of Observational Studies in
Epidemiology (MOOSE)19. The setting for which the control group
was selected was used to deﬁne the setting of case control studies.
Data analysis
Each study had a pooled risk calculated using random effects for
all occupational exposures on the inclusion criteria and for all levels
of exposure compared to the reference. The meta-analysis of occu-
pational risks for knee OA is presented using odds ratios (ORs) and
95% CI’s on a forest plot, and the heterogeneity was examined using
the Q test and I2 statistic. A funnel plot was used to investigate
publication bias and an Egger test was performed. Statistical signiﬁ-
cance was conferred by P< 0.05. For subgroup analyses, the pooled
risk for each activity or exposure was calculated per study using
random effects. As many studies measured more than one activity,
the total of risks in subgroupanalyses exceeds the total studies.Meta-
regression was performed using the methodology of Lipsey and
Wilson20 using macros designed for SPSS v14 (SPSS Inc). All other
analyses were performed using StatsDirect v.2.7.8 (StatsDirect Ltd).
Results
Our literature search identiﬁed 51 studies of knee OA (sum-
marised in Appendix 1), 12 studies of knee pain21e32 and 3 studies
related to knee OA progression33e35 that met our inclusion criteria.
A ﬂow diagram shows the study selection process (Fig. 1) and the
characteristics of the selected knee OA studies are tabulated
(Table I). The included knee OA studies were classiﬁed by design as
cohort/prospective/longitudinal (n¼ 8, 478,408 people), cross-
sectional (n¼ 25, 34,285 people) and case control (n¼ 18, 13,650
people). A total of 18 studies reported more than one type of
occupational exposure, often amixture of kneeling, lifting, carrying,
Fig. 1. Flow diagram of study selection.
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these multiple exposures were pooled to give one overall risk per
study for the main meta-analysis. The others consisted of reports
assessing risks exclusively from a particular job title (n¼ 10), elite
sport (n¼ 11), heavy/arduous/manual work (n¼ 8) and knee-
straining activities (n¼ 4). The mean ages of study participants
ranged from 38 to 79 in those studies where data was reported and
the mean was 60.2 years. Many studies sampled men or women
exclusively, due to their different employment patterns, but the
mean percentage of women overall was 39.4%.
Figure 2 shows the funnel plot revealing a pattern consistentwith
publication bias for occupation and knee OA studies. The Egger test
performed for all studies was statistically signiﬁcant (bias¼ 2.39,
P< 0.0001), and so each study design was analysed on its own. A
statistically signiﬁcant bias statistic was reached in cross-sectionalTable I
Occupation and knee OA study characteristics
Cohort Cross-
sectional
Case control All studies
No. studies 8 25 18 51
No. subjects 478,408 34,285 13,650 526,343
Mean age (range) 49 (38e68) 59 (47e79) 66 (52e75) 60 (38e79)
Female (%) 21 34 57 39
Mean BMI N/A* 25.5 25.8 25.6
Hospital based (%) 0 8 22 12
Knee OA measured
Symptomatic 8 10 18 36
Asymptomatic 0 15 0 15
Main occupational activity
Job title 2 6 2 10
Heavy work 2 3 3 8
Elite sport 2 9 0 11
Knee strain 1 1 2 4
Multiple exposures 1 6 11 18
Occupation as
Primary exposure 7 20 15 42
Secondary exposure 1 5 3 9
* Body mass index (BMI) could only be derived in one study from the cohort
group.studies (bias¼ 2.23, P< 0.0001) and in case control studies
(bias¼ 2.75, P¼ 0.0247), but not in cohort studies (bias¼ 1.53,
P¼ 0.4355). There was also a signiﬁcant heterogeneity across all
studies (I2¼ 83.6%, P< 0.0001). The synthesis of all studies of occu-
pational risks for knee OA yielded an OR of 1.61 (95% CI 1.45e1.78),
and a forest plot of the studies is presented in Fig. 3.
Subgroup analyses are summarised in Table II. We observed that
case control studies gave higher estimated risks than cross-sectional
and cohort studies, and the hospital-based studies gave higher risk
estimates than the community-based studies. Subgroup analysis of
standing work suggested that it was not a signiﬁcant risk for knee OA,
whereas the other subgroups associated with a positive risk. Studies
measuring symptomatic knee OA gave similar risks to those that
measured structural OA only, and reporting occupation as a primarily
studied risk factordidnot alter the results. The studieswithunadjusted
analyses gave slightly higher risk estimates than those adjusted for
confounders. The risk of knee OA only differed slightly between
current job, lifetime work, longest job and early adulthood. When all
male and female datawere analysed separately, the riskswere similar.
Several studies of occupational activities examined a possible
graded response relationship with the risk of knee OA. However,
exposure wasmeasured in different ways by different studies, which
did not allow more than 3e4 similar studies to be compared. In
general, the levels of activity classiﬁed by the investigators appeared
to followa graded responsewithOA risk (data not shown), but formal
analysis was not possible.
Meta-regression analysis of covariates was performed to assess
study characteristics for inﬂuence over the risk of knee OA in this
meta-analysis. ORs were calculated for proportion of females (OR
0.81, 95% CI 0.65e1.01; P¼ 0.060), cross-sectional and case control
study design (OR 1.17, 95% CI 0.94e1.45; P¼ 0.138), unadjusted
analysis (OR 1.04, 95% CI 0.83e1.26; P¼ 0.703), hospital-based
study (OR 1.40, 95% CI 1.14e1.73; P¼ 0.002) and non-primary
objective (OR 1.24, 95% CI 0.98e1.53; P¼ 0.057).
The studies examining persistent knee pain and occupational
activities were separately meta-analysed brieﬂy. These studies
were those that did not examine the risks of knee OA, and so
Fig. 2. Funnel plot of occupational risks for knee OA. Funnel plot showing all studies of
knee OA and occupation. Asymmetry suggests publication bias. Egger test for bias¼ 2.39,
P< 0.0001.
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knee pain (OR 1.46, 95% CI 1.15e1.85) did not appear to be subject to
publication bias (Egger test, bias¼ 1.29, P¼ 0.535) but heteroge-
neity was high (I2¼ 90.4%, P< 0.0001) (a forest plot of this subset is
presented in Appendix 3). The knee OA progression studies were
too few to be analysed further but we calculated pooled risk esti-
mates for progression of 1.42 (95% CI, 1.09e1.85)33; 1.16 (95% CI,
0.89e1.50)35; and 1.52 (95% CI, 0.85e2.75)34.
Discussion
Occupational activities have been reported as risk factors for knee
OA in previous systematic reviews1e5. However, few of them are
quantitative, possibly due to the variety of risk factors and
measurements in the literature. This meta-analysis included
51 studies withmore than 500,000 people and examined a variety of
occupational factors that appear to operate through biomechanical
pathways and increase the risk of knee OA by approximately 60%.
The smaller group of studies on persistent knee pain also revealed
a very similar risk derived from occupational exposures.
There appears to be a strong likelihood of publication bias within
the literature for occupationandkneeOA. This is especially true in the
cross-sectional and case control studies where the average study size
is small (Table I). For example, for case controls, the average study size
is 758 per study (18 studies and 13,650 subjects) which tends to
produce a larger relative risk that is more likely to be published
(Fig. 2). In contrast, 8 cohort studies with 478,408 subjects e almost
90% of the total population with an average study size of almost
60,000 is less likely to produce the small study effect36, a possible
reason for no detectable publication bias. Also, case control studies
present risk as an OR, which may overestimate the relative risk of
common diseases37. Early adult life is thought to be important for the
developmentofOA, but recall of activities in thepastmaybebiasedor
inaccurate. We retrieved reports in different languages, but were
unsuccessful in obtaining data extraction from some languages. If
English language publication was related to more positive ﬁndings,
then this could bias our meta-analysis.
In themeta-analysis of all occupational risks and kneeOA, several
studies had a single risk estimated by pooling risks from different
activities.Despite the commonbiomechanicalpathway towardsknee
OA, each separate activitymeasuredwill increase the variation of this
study. We present each activity as part of the subgroup analysis in
Table II, and most were positive risk factors for knee OA, although
heterogeneitymeasureswere still high.Variationalsooccurred in theinvestigators’ choices of the parameters to be measured and the
different periods of life to study. The most-common time periods
were current job, longest-held job, early adulthood (especially
common for elite sport) and lifetime work. The differences in
measurement couldcontribute tovariability, althoughthe current job
is likely to be similar to the longest-held job for many subjects.
The subgroup analysis of occupational risks showed the highest
estimates in studies of particular job titles, and also in elite sports
which is a group of job titles in itself. A possible reason for this could
be that those jobs with the highest risk were more likely to be
studied and reported. Possibly, high risk job titles may have been
pulled out of larger data sets and highlighted inpublications. The risk
from kneeling, measured as part of occupation was moderate.
However, ﬂoor layers (included in the job description category) have
been intensely studied and found to be at high risk of knee OA38e41.
Their main occupational exposure is believed to be kneeling, and one
study has shown a reduction in knee symptoms associated with
reduced kneeling practises42. Other activities also gave positive risks
for knee OA, with the exception of standing work. Standing during
work may be tiring, but our analysis does not indicate it as a risk of
knee OA. It should also be pointed out that riskier occupations are
often performed bymen. Although the subgroup analysis showed no
differences in risk between the genders, men are probably more
exposed to occupational risks. This is reﬂected in the high number of
men studied in the literature. A propensity towards knee injuries in
risky occupations must not be ignored. One study found that
adjusting for knee injuries explained the sports-related risks for knee
OA43, although others included in this analysis found that adjust-
ment did not explain all of the association with occupation.
Hospital-based studies yielded higher risks of knee OA than
community-based studies, although the number of hospital-based
studies was small. The increased risk estimates may be due to more
severe disease or related to controls choosing sedentarywork.Where
occupationwas not judged to be a primary outcome, the risks of knee
OA were slightly higher, which might have occurred if secondary
resultswere reported due to being statistically signiﬁcant. Our search
strategy was English-language only, meaning that studies will have
been missed. We were unable to examine any ethnic differences in
occupational risk. The region where the study was performed could
be taken to represent to primary ethnicity of the population at risk,
although almost no studies explicitly stated ethnic background
(making such interpretations imperfect). We may have also missed
some occupational risks from our meta-analysis. We focussed on
those where a clear biomechanical pathway could be hypothesised
due to load-bearing, pressure, knee strain or forces across the knee
joint. Vibration frommachinery,working in uncomfortable positions,
driving, sitting activities andwalkingwere not included. Leisure-time
activities, such as exercise,were not included in thismeta-analysis, as
we hypothesised that they were more likely to be beneﬁcial than
harmful. The occupational activities we included were those that
subjectswouldhave probably beenobliged to perform, and less likely
to consistently avoid.
The literature studying occupation and knee OA could be
strengthened by more cohort or longitudinal/prospective studies.
Many occupational activities are measured in detail in the case
control or cross-sectional studies, but their effects on incident knee
OA have not been adequately investigated. These types of studies
would improve the current evidence base. It may also be of interest
to assess the interaction between occupation and known risk factors
for knee OA. Some studies have looked at body mass index (BMI)
interacting with occupation13,44, and we have found an interaction
between kneemal-alignment and occupational risks (but not BMI) in
the Genetics Osteoarthritis and Lifestyle (GOAL) case control study9.
Both may inﬂuence the forces acting across the knee joint, which
may affect the development of knee OA.
Fig. 3. Forest plot showing all occupation and knee OA studies grouped by design with sub-totals shown for each type (cohort, cross-sectional and case control), and arranged
in chronological order within each group.
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Table II
Subgroup analyses for occupation and knee OA
Subgroups No. subjects Heterogeneity % (Cochran Q, P value) Summary meta-analysis
Study design
Cohort 478,408 81.3 (<0.0001) 1.38 (1.10e1.74)
Cross-sectional 34,285 77.7 (<0.0001) 1.57 (1.37e1.81)
Case control 13,650 87.8 (<0.0001) 1.80 (1.48e2.19)
Setting
Community 521,132 81.6 (<0.0001) 1.52 (1.38e1.69)
Hospital 5,211 90.6 (<0.0001) 2.65 (1.62e4.36)
Occupation measured as
Primary exposure 505,918 81.3 (<0.0001) 1.60 (1.44e1.77)
Secondary exposure 20,425 88.9 (<0.0001) 1.74 (1.28e2.36)
Occupational activities
Job title 233,469 77.1 (<0.0001) 1.99 (1.63e2.43)
Heavy or manual work 546,853 80.9 (<0.0001) 1.45 (1.20e1.76)
Elite sports 9,703 55.9 (0.08579) 1.72 (1.35e2.20)
Kneeling 9,236 68.2 (0.0009) 1.30 (1.03e1.63)
Squatting 13,181 25.5 (0.2013) 1.40 (1.21e1.61)
Lifting/carrying 11,833 77.7 (<0.0001) 1.58 (1.28e1.94)
Climbing stairs 16,253 72.5 (<0.0001) 1.29 (1.08e1.55)
Standing work 7,896 80.8 (<0.0001) 1.11 (0.81e1.51)
Knee bending/straining 262,073 72.1 (0.0007) 1.60 (1.15e2.21)
OA deﬁnition criteria
Symptomatic 510,487 86.9 (<0.0001) 1.62 (1.43e1.83)
Asymptomatic 19,485 77.4 (<0.0001) 1.57 (1.33e1.86)
Confounding variables
Adjusted analysis 514,887 81.0 (<0.0001) 1.51 (1.36e1.67)
Unadjusted analysis 11,073 88.4 (<0.0001) 1.94 (1.42e2.67)
Gender
Male data 446,057 69.5 (<0.0001) 1.53 (1.36e1.73)
Female data 63,666 52.2 (0.0052) 1.61 (1.42e1.82)
Region
Europe 506,525 83.6 (<0.0001) 1.71 (1.48e1.96)
North America 12,747 74.2 (0.0038) 1.32 (1.09e1.60)
Oriental 5,631 84.5 (<0.0001) 1.63 (1.20e2.23)
Rest of World 1,360 88.6 (<0.0001) 1.40 (0.83e2.35)
Funding
Charity/Government/Foundation 485,520 82.4 (<0.0001) 1.52 (1.34e1.73)
Trade union/Industry 19,759 68.0 (0.0139) 1.48 (1.10e1.98)
Not reported 20,723 89.8 (<0.0001) 1.82 (1.40e2.35)
Occupational exposure time period
Current job 36,594 87.1 (<0.0001) 1.83 (1.42e2.35)
Longest-held job 8,177 63.8 (0.0073) 1.60 (1.25e2.04)
Early adulthood 11,777 59.6 (0.008) 1.73 (1.34e2.22)
Lifetime 14,014 89.8 (<0.0001) 1.47 (1.24e1.74)
Knee compartment
Tibiofemoral 18,319 78.4 (<0.0001) 1.41 (1.17e1.71)
Tibiofemoral or patellofemoral 12,052 78.8 (<0.0001) 1.47 (1.12e1.94)
Not reported 495,589 84.8 (<0.0001) 1.76 (1.52e2.03)
Subgroup analysis to show if heterogeneity is related to certain study characteristics. The percentage values for heterogeneity are from the I2 test and the P values for are from
the Cochran Q test. Data from some studies45e47 included in the asymptomatic knee OA subgroup were not included in the overall meta-analysis, because the symptomatic
knee OA risks were included instead. Oriental countries (n¼ 9) included China, Japan, Thailand, Hong Kong and Korea. The Rest of theWorld (n¼ 4) consisted of Australia, Iran,
Tunisia and Morocco only.
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progression studies. Although it is possible that our strategywas sub-
optimal for this type of research, it does appear that future studies
should consider OA progression. Studieswere preferentially included
into the knee OA groupwhere possible, reducing both knee pain and
OA progression groups. Whenwe examined knee pain, we excluded
a lot of studies where the duration of pain was either too short to
deﬁne as persistent or not clearly reported. Our briefmeta-analysis of
knee pain shows a risk estimate similar to knee OA, possibly because
persistent joint pain in the over 40’s implies OA. The knee pain
studies we analysed were also very heterogeneous, and so must be
interpreted cautiously.
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Appendix 1
Summary of studies included in knee OA and occupation meta-analysis
Author & year Country Design Setting Subjects Mean
age
Female
(%)
Mean
BMI
Primary? Knee
OA diag
Category Risk (95% CI) Adj?
Felson 199147 USA c comm 1,366 e 59 e y symp Multiple 0.94 (0.56e1.58) adj
Vingard 199148 Sweden c comm 250,217 e 21 e y symp Knee strain 1.4 (1.16e1.69) adj
Sarna 199749 Finland c comm 4,325 e 0 e y symp Elite sport 1.83 (1.14e2.93) un
Kujala 199950 Finland c comm 457 49 0 23.6 y symp Elite sport 1.79 (1.1e3.54) adj
Jarvholm 200841 Sweden c comm 204,741 e 0 e y symp Job title 1.91 (1.57e2.33) adj
Kaerlev 200851 Denmark c comm 14,801 38 0 e y symp Job title 1.16 (0.95e1.42) adj
Verweij 200952 Netherlands c comm 1,678 68 32 e n asym Heavy work 0.95 (0.81e1.11) un
Toivanen 201053 Finland c comm 823 42 55 e y symp Heavy work 1.91 (0.97e3.76) adj
Kohatsu 199054 USA cc comm 94 71 39 25.4 y symp Heavy work 2.75 (1.43e5.26) un
Elsner 199655 Germany cc comm 383 e 43 e y symp Multiple 1.64 (1.31e2.05) un
Sahlstrom 199756 Sweden cc comm 729 75 e e y symp Knee strain 1.1 (0.7e1.8) adj
Sandmark 200057 Sweden cc comm 1,173 e 48 e y symp Multiple 1.77 (1.54e2.03) adj
Lau 200058 Hong Kong cc comm 1,536 e 1 e y symp Multiple 2.43 (1.47e4.03) adj
Coggon 200013 UK cc comm 1,036 72 60 e y symp Multiple 1.68 (1.42e1.99) adj
Manninen 200259 Finland cc comm 805 67 76 25.0 y symp Multiple 1.15 (0.98e1.36) adj
Dawson 200360 UK cc comm 111 e 100 e n symp Multiple 3.06 (1.87e4.99) un
Yoshimura 200461 Japan cc comm 202 73 100 23.2 y symp Multiple 1.25 (0.93e1.68) adj
Holmberg 200462 Sweden cc comm 1,473 63 57 e y symp Job title 1.40 (1.09e1.79) adj
Cebi 200563 Turkey cc hos 100 60 96 e y symp Multiple 8.24 (4.46e15.25) un
Yoshimura 200664 Japan cc comm 74 70 0 23.3 y symp Heavy work 6.2 (1.4e27.5) adj
Riyazi 200865 Netherlands cc comm 727 59 73 26.0 n symp Heavy work 4.3 (1.7e11.4) adj
Mounach 200866 Morocco cc comm 190 60 73 29.1 y symp Multiple 0.67 (0.48e0.94) un
Dahaghin 200967 Iran cc comm 970 52 67 28.6 y symp Multiple 1.07 (0.93e1.22) adj
He 200968 China cc hos 247 e 30 e n symp Knee strain 18.09 (5.86e55.84) adj
Franklin 201069 Iceland cc hos 2,490 72 57 26.2 y symp Job title 1.79 (1.16e2.78) adj
Klussmann 201070 Germany cc hos 1,310 59 57 e y symp Multiple 1.69 (1.35e2.12) adj
Lawrence 195516 UK cs comm 362 e 0 e y asym Multiple 2.17 (1.05e4.47) un
Kellgren 195871 UK cs comm 380 e 54 e y asym Job title 2.09 (1.28e3.42) un
Partridge 196817 UK cs comm 377 e 0 e y symp Job title 2.24 (1.1e4.56) un
Klunder 198072 Denmark cs comm 114 56 0 e y asym Elite sport 1.58 (1.03e2.43) un
Lindberg 198773 Sweden cs comm 1,122 65 0 e y asym Job title 2.76 (1.04e7.31) un
Anderson 198874 USA cs comm 5,193 e 53 e n asym Multiple 1.62 (1.2e2.18) adj
Konradsen 199075 Denmark cs comm 54 58 0 e y asym Elite sport 1.30 (0.74e2.28) un
Bagge 199176 Sweden cs comm 340 79 61 e y asym Elite sport 0.89 (0.69e1.14) un
Roos 199477 Sweden cs comm 643 56 0 e y asym Elite sport 5.5 (1.33e22.75) un
Vingard 199578 Sweden cs comm 469 100 y symp Elite sport 2.8 (0.7e11.0) adj
Spector 199679 UK cs comm 1,058 54 100 25.3 y asym Elite sport 2.48 (1.33e4.63) adj
Deacon 199746 Australia cs comm 100 55 0 26.1 y symp Elite sport 4.0 (1.9e8.2) adj
Sandmark 200080 Sweden cs comm 1,083 57 50 e y symp Job title 2.99 (2.02e4.42) un
Kettunen 200181 Finland cs comm 1,375 64 0 e y symp Elite sport 1.28 (0.95e1.73) adj
Jensen 200582 Denmark cs comm 966 48 0 25.5 y symp Knee strain 3.90 (1.49e10.17) adj
Andrianakos 200683 Greece cs comm 8,740 47 n symp Heavy work 0.91 (0.83e1.11) adj
Tangtrakulwanich 200684 Thailand cs comm 261 60 0 23.2 y asym Multiple 1.13 (0.75e1.7) adj
Elleuch 200885 Tunisia cs hos 100 49 0 24.8 y asym Elite sport 1.93 (1.22e3.06) un
Fernandez-Lopez 200886 Spain cs comm 2,192 e 54 e n symp Heavy work 1.55 (0.92e2.60) adj
Muraki 200987 Japan cs comm 1,471 68 64 23.1 y asym Multiple 1.53 (1.25e1.88) adj
Rytter 200940 Denmark cs comm 254 53 0 26.4 y asym Job title 2.49 (1.04e5.93) adj
Wang 200988 China cs hos 964 55 62 24.6 n symp Job title 1.22 (1.0e1.48) adj
Allen 201045 USA cs comm 2,546 64 66 30.7 y symp Multiple 1.12 (1.04e1.20) adj
Kim 201089 Korea cs comm 573 70 54 24.6 n asym Heavy work 2.14 (1.19e3.84) adj
Bernard 201090 USA cs comm 3,548 62 69 26.6 y asym Multiple 1.30 (1.13e1.49) adj
c¼ cohort, cs¼ cross-sectional, cc¼ case control, comm¼ community-based, hos¼ hospital-based, symp¼ symptomatic knee OA diagnostic criteria, asym¼ asymptomatic
knee OA diagnostic criteria, adj¼ adjusted analysis, un¼ unadjusted analysis, y¼ yes, n¼ no.
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MEDLINE search strategy
1. knee osteoarthritis.mp. or exp Osteoarthritis, Knee/
2. knee osteoarthrosis.mp.
3. gonarthrosis.mp.
4. gonarthritis.mp.
5. knee pain.mp.
6. 1 or 2 or 3 or 4 or 5
7. osteoarthritis.mp. or exp Osteoarthritis/
8. osteoarthrosis.mp.
9. arthrosis.mp.
10. osteophyte.mp. or exp Osteophyte/
11. joint space narrowing.mp.
12. degenerative joint disease$.mp.
13. 7 or 8 or 9 or 10 or 11 or 12
14. musculoskeletal.mp. or exp Musculoskeletal Diseases/
15. pain.mp. or exp Pain/
16. symptom$.mp.
17. disorder.mp.
18. 15 or 16 or 17
19. 14 and 18
20. knee.mp. or exp Knee/
21. 19 and 20
22. 13 and 20
23. 6 or 21 or 22
24. cohort studies.mp. or exp Cohort Studies/
25. cohort stud$.mp.
26. prospective stud$.mp.
27. relative risk$.mp.
28. incidence.mp. or exp Incidence/
29. incident.mp.
30. 24 or 25 or 26 or 27 or 28
31. exp Epidemiology/or epidemiology.mp.
32. 29 and 31
33. 30 or 32
34. case-control studies.mp. or exp Case-Control Studies/
35. case control stud$.mp.
36. retrospective stud$.mp.
37. exp Odds Ratio/
38. odds ratio$.mp.
39. odds.mp.
40. community control$.mp.
41. referent$.mp.
42. 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41
43. cross-sectional studies.mp. or exp Cross-Sectional Studies/
44. cross sectional stud$.mp.
45. risk.mp. or exp Risk/
46. prevalence.mp. or exp Prevalence/
47. 43 or 44 or 45 or 46
48. questionnaire.mp. or exp Questionnaires/
49. 31 and 48
50. 47 or 49
51. risk factor.mp. or exp Risk Factors/
52. 48 and 51
53. 50 or 52
54. 33 or 42 or 53
55. occupation$.mp. or exp Occupations/
56. employee$.mp.
57. exp Employment/or employment.mp.
58. industr$.mp.
59. work.mp. or exp Work/
60. workers.mp.
61. job.mp.62. 55 or 56 or 57 or 58 or 59 or 60 or 61
63. work-related.mp.
64. physical demands.mp.
65. exp Workplace/or working condition$.mp.
66. activit$.mp.
67. activities.mp. or exp "Activities of Daily Living"/or exp Leisure
Activities/
68. exp "Moving and Lifting Patients"/or lifting.mp. or exp Lifting/
or exp Weight Lifting/
69. squatting.mp.
70. crawling.mp.
71. kneeling.mp.
72. kneel$.mp.
73. squat$.mp.
74. crawl.mp.
75. crawl$.mp.
76. carrying.mp.
77. climbing.mp.
78. climb$.mp.
79. exp Walking/or walking.mp.
80. stairs.mp.
81. stair$.mp.
82. standing.mp.
83. work pace.mp.
84. physical exertion.mp. or exp Physical Exertion/
85. forceful work.mp.
86. forceful exertion.mp.
87. tasks.mp.
88. cumulative strain.mp.
89. overuse$.mp.
90. bending.mp.
91. bend$.mp.
92. manual lifting.mp.
93. heavy lifting.mp.
94. heavy lift$.mp.
95. shift work.mp.
96. exp Vibration/or vibration.mp.
97. physical work.mp. or exp Workload/
98. work load.mp.
99. gardening.mp. or exp Gardening/
100. 63 or 64 or 65 or 66 or 67 or 68 or 69or 70 or 71 or 72 or 73 or 74
or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or
86or 87or 88or 89or 90or 91 or 92or 93or 94or 95or 96or 97
or 98 or 99
101. exp Mining/or miner.mp. or exp Coal Mining/
102. football$.mp. or exp Football/
103. soccer.mp. or exp Soccer/
104. exp Running/or runner.mp.
105. sport$.mp. or exp Sports/
106. athlet$.mp.
107. construction worker.mp.
108. construction work$.mp.
109. gardener.mp.
110. ﬂoor layer.mp.
111. ﬂoor lay$.mp.
112. carpet ﬁtter.mp.
113. carpet lay$.mp.
114. prayer.mp.
115. praying.mp.
116. 101 or 102 or 103 or 104 or 105 or 106 or 107 or 108 or 109 or
110 or 111 or 112 or 113 or 114 or 115
117. 62 or 100 or 116
118. 33 or 42 or 54
119. 23 and 117 and 118
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